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TITLE: Radio Base Station Transmission Power Control Device and Control 
Method 

ABSTRACT 

[Purpose] To reduce the size of equipment and increase the efficiency of use of 
frequencies in a radio base station. 

[Constitution] During a call connection request or reassignment of communication 
channels, a used channel allotment control portion 208 acquires interference channel 
information and which indicates the interference states of unused channels and 
transmission power information of a channel with which it is currently communicating 
from an interference channel memory portion 207 and a transmission power memory 
portion 209, then determines a communication channel and transmission power from 
this information and spatial transmission loss information for the current 
communication. As a result, the common amplifying device 212 of the base station 2 
is not required to be high-powered, and accordingly, it is possible to reduce the size of 
the equipment, and since the signal interference between channels is reduced, to make 
effective use of the channels. 



Japanese Patent Application 
First Publication No. Hei 7-245784 



Page 2 



CLAIMS 

1. A radio base station transmission power control device in a mobile radio 
system comprising a plurality of radio base stations each having a different radio zone 
and radio mobile stations for performing radio communications with said radio base 
stations via predetermined time slots; 

characterized in that said radio base station comprises a reception level 
measuring portion for measuring a reception signal level of a communication channel; 
an interference signal level measuring portion for measuring a level of an interference 
signal generated in a non-communication channel; a spatial transmission loss estimation 
function portion for estimating a spatial transmission loss between the radio mobile 
stations in accordance with the reception signal level information measured by said 
reception level measuring portion based on a standard conversion law; an interference 
channel memory portion for storing the interference signal level information measured 
by said interference signal level measuring portion in correspondence with channels; a 
transmission power memory portion for storing a transmission power of each channel 
during communication in correspondence with the channels; a channel allotment control 
portion for deciding a used channel and a transmission power value based on 
interference channel information notified from said spatial transmission loss estimation 
function portion and transmission power information notified from said transmission 
power memory portion; and a transmission power control portion for increasing and 
decreasing transmission power with respect to said radio mobile stations based on 
transmission power control information from this channel allotment control portion. 

2. A radio base station transmission power control method in a mobile radio 
system comprising a plurality of radio base stations each having a different radio zone 
and radio mobile stations for performing radio communications with said radio base 
stations via predetermined time slots; 

characterized by providing said radio base station with a reception level 



Japanese Patent Application 
First Publication No. Hei 7-245784 



Page 3 



measuring portion, an interference signal level measuring portion, a spatial transmission 
loss estimation function portion, an interference channel memory portion, a 
transmission power memory portion, a channel allotment control portion and a 
transmission power control portion; the reception level measuring portion measuring the 
radio signal strength from each radio mobile station and notifying the spatial 
transmission loss estimation function portion as reception signal level information; the 
spatial transmission loss estimation function portion estimating the spatial transmission 
loss rate according to a standard conversion law and notifying the channel allotment 
control portion as spatial transmission loss information; the interference signal level 
measuring portion measuring the non-communication channels of said radio base 
station for the presence of interference signals and storing in the interference channel 
memory portion as interference signal level information; the channel allotment control 
portion allotting new communication channels, calculating a power transmission rate 
based on the spatial transmission loss information when there is either a communication 
channel transmission power reduction request or a channel reallotment request; making 
inquiries to the interference channel memory portion and transmission power memory 
portion to collect interference channel information and transmission power information; 
optimizing channel allotments so that the instantaneous transmission power value for 
the transmission power and transmission channel is such as to be constant and avoid 
interference from adjacent radio zones in each time slot; notifying the transmission 
circuit of said radio base station of the result as transmission channel information; 
notifying the transmission power control portion as transmission power control 
information; to optimize the channel allotment and transmission power. 

DETAILED DESCRIPTION OF THE INVENTION 
Field of Industrial Applicability 

The present invention relates to a radio base station transmission power control device 
and control method for reducing the transmission power and optimizing channel 
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allotment in the radio base stations for ensuring the compactness of the radio station 
equipment and effective use of frequencies in a mobile radio communication system. 

Conventional Art 

This type of mobile radio communication, as shown in Fig. 5, comprises a wire network 
4, and a radio base station which performs radio communications with radio mobile 
stations, not shown in the drawing, via an antenna 6. Here, the radio signals received 
from the antenna 6 are inputted to the radio signal multiplexing device 55 through the 
common amplifying device 56, and after being separated into channels here, are 
demodulated in the demodulating device 54. Then, after being distributed to wired 
lines by means of a time division multiplexing device 52, they are sent through the 
wired line connecting device 51 to the wired network 4. On the other hand, the signals 
from the wired network 4 which come through the wired line connecting device 51 are 
multiplexed in a time division multiplexing device 52, and after being modulated in the 
modulating device 53, are sent through the radio signal multiplexing device 55 and the 
common amplifying device 56 and sent to the antenna 6, where they are transmitted to 
the radio mobile stations as radio signals. In this case, the radio base station 5 
transmits radio signals at a transmission power of constant magnitude to all of the radio 
mobile stations communicating with that station. 

Problems to be Solved by the Invention 

However, in this type of conventional system, the common amplifier 56 provided at the 
end stage of the radio base station requires the ability to amplify the power of the sum 
of the radio signals of that station, and requires a power amplifier with a large saturation 
power. For this reason, the radio base station device becomes large, then there is a 
problem in that the device of the radio base station becomes large and it is difficult to 
obtain installation space. Additionally, when radio signals are transmitted, the 
transmission power level on each radio channel is high, so that the signal level given to 
the interference signals on the same channel in the channels of that station of in the 
channels of other radio zones becomes high, so that the number of usable radio 
communication frequencies is restricted. 

Therefore, the present invention has the purpose of offering a radio communication 
system which resolves the problem of radio base station installation size increases and 
inter-channel signal interference, achieves compactness of radio base station equipment, 
reduces the interference levels which radio signals apply to other radio zones, and has 
high frequency use efficiency. 

Means for Solving the Problems 

In order to resolve this type of problem, the present invention comprises a reception 
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level measuring portion for measuring a reception signal level of a communication 
channel; an interference signal level measuring portion for measuring a level of an 
interference signal generated in a non-communication channel; a spatial transmission 
loss estimation function portion for estimating a spatial transmission loss between the 
radio mobile stations in accordance with the reception signal level information 
measured by said reception level measuring portion based on a standard conversion law; 
an interference channel memory portion for storing the interference signal level 
information measured by said interference signal level measuring portion in 
correspondence with channels; a transmission power memory portion for storing a 
transmission power of each channel during communication in correspondence with the 
channels; a channel allotment control portion for deciding a used channel and a 
transmission power value based on interference channel information notified from said 
spatial transmission loss estimation function portion and transmission power 
information notified from said transmission power memory portion; and a transmission 
power control portion for increasing and decreasing transmission power with respect to 
said radio mobile stations based on transmission power control information from this 
channel allotment control portion. Additionally, the method comprises providing said 
radio base station with a reception level measuring portion, an interference signal level 
measuring portion, a spatial transmission loss estimation function portion, an 
interference channel memory portion, a transmission power memory portion, a channel 
allotment control portion and a transmission power control portion; the reception level 
measuring portion measuring the radio signal strength from each radio mobile station 
and notifying the spatial transmission loss estimation function portion as reception 
signal level information; the spatial transmission loss estimation function portion 
estimating the spatial transmission loss rate according to a standard conversion law and 
notifying the channel allotment control portion as spatial transmission loss information; 
the interference signal level measuring portion measuring the non-communication 
channels of said radio base station for the presence of interference signals and storing in 
the interference channel memory portion as interference signal level information; the 
channel allotment control portion allotting new communication channels, calculating a 
power transmission rate based on the spatial transmission loss information when there is 
either a communication channel transmission power reduction request or a channel 
reallotment request; making inquiries to the interference channel memory portion and 
transmission power memory portion to collect interference channel information and 
transmission power information; optimizing channel allotments so that the 
instantaneous transmission power value for the transmission power and transmission 
channel is such as to be constant and avoid interference from adjacent radio zones in 
each time slot; notifying the transmission circuit of said radio base station of the result 
as transmission channel information; notifying the transmission power control portion 
as transmission power control information; to optimize the channel allotment and 
transmission power. 
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Functions 

In general, since radio mobile stations are considered to be distributed uniformly in a 
radio zone, if the present invention is applied to this type of radio communication 
system, the transmission power is maximized with respect to radio mobile stations 
which are far away from the radio base station, and the transmission power is reduced to 
the necessary power for radio mobile stations in the neighborhood of the radio base 
station, thereby allowing the instantaneous transmission power values transmitted to a 
plurality of radio mobile stations in total to be reduced. 

As a result, it becomes possible to use transmission end circuits with low saturation 
power, and to make radio base stations more compact. Additionally, since 
communications can be performed with the minimum necessary transmission power and 
the optimum channel allotments in correspondence with the radio mobile stations, it is 
possible to make effective sue of the radio channels, and reduce or avoid interference 
between radio signals. 

Embodiments 

Herebelow, the present invention shall be described with reference to the drawings. 
Fig. 1 is a block diagram showing an embodiment of the present invention, showing an 
example of a mobile radio communication system according to a TDMA(Time Division 
Multiple Access)-TDD (Time Division Duplex) Format, a system wherein radio 
communications are performed between a radio base station and radio mobile stations 
not shown in the drawing using predetermined time slots. In the drawing, 1 denotes a 
public network, 2 denotes a radio base station device connected to the public network 1 
and 3 denotes an antenna for releasing radio waves into the atmosphere. 

Here, the radio base station device 2 is composed as follows. That is, 201 denotes a 
transmission circuit, 202Aand 202B denote reception circuits, 203 denotes a 
transmission power control portion, 204 denotes a reception level measuring portion, 
205 denotes a spatial transmission loss estimation function portion and 206 denotes an 
interference signal level measuring portion. Additionally, 207 denotes an interference 
channel memory portion, 208 denotes a channel allotment control portion, 209 denotes 
a transmission power memory portion, 210 denotes a time-division multiplexing device, 
211 denotes a radio signal multiplexing device and 212 denotes a common amplifying 
device. 

Next, the functions of each portion of the radio base station device 2 having the above 
structure shall be described. The time division multiplexing device 210 multiplexes 
signals coming through a plurality of telephone channels from the public network 1 by 
means of time division multiplexing, and separates the received multiplexed signals by 
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channels for distributing to the telephone channels. The transmission circuit 201 
converts the output of the time division multiplexing device into radio signals, the 
reception circuits 202A, 202B demodulate the received radio signals and converts them 
into base band signals. In the drawing, 202A denotes a reception circuit of the 
communication channel and 202B denotes a reception circuit of a non-communication 
channel. Additionally, the transmission power control portion 203 controls the 
transmission power in accordance with provided commands. The reception level 
measuring portion 204 measures the reception field strength of each channel and sends 
out the results as reception signal level information 213. 

The interference signal level measuring portion 206 measures the interference signal 
level generated in that station or other stations present in the non-communicating 
channel. The radio signal multiplexing device 211 frequency multiplexes the plurality 
of time division multiplexed radio signals which are the output of the transmission 
power control portion 203 and separates the frequency multiplexed signals received 
from the antenna 3 into separate frequencies to send out to the reception circuit 202. 
The common amplifying device 212 amplifies the output of the radio signal 
multiplexing device 211 all at once and supplies them to the antenna 3. the spatial 
transmission loss estimation function portion 205 estimates the spatial transmission loss 
between the radio base station and radio mobile stations which are not shown based on 
the reception signal level information 211 in accordance with a preset law (that is, a 
conversion law which provides a correspondence between the reception signal strength 
and the radio signal strength transmitted to that station), and outputs the result as spatial 
transmission loss information 214. 

The interference channel memory portion 207 collects and stores the interference signal 
level information 215 and sends it out as interference channel information 216 when 
there is an inquiry. The transmission power memory portion 209 stores the 
transmission channel currently being used and the transmission power thereof, and if 
there is an inquiry, sends it out as transmission power information 218. The channel 
allotment control portion 208 collects the spatial transmission loss information 214, the 
interference channel information 216 and the transmission power information 218, 
calculates the channel arrangement and transmission powers to be used from the results 
thereof, then transmits the results to the transmission circuit 201 as used channel 
information 219, then sends it to the transmission power control portion 203 as 
transmission power control information 217. 

In this way, since portions having these functions are provided in the radio base station 
device 2 as mentioned above, the channel arrangement and transmission power are 
optimized, so that it is possible to make the radio base station equipment more compact, 
reduce the signal interference between radio channels, and make effective use of the 
radio channels. The operations of the parts of the radio base station device 2 having 
the functions described above shall be described on the basis of the sequence diagram of 
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Fig. 2. When the antenna 3 receives a radio signal from a radio mobile station, this 
radio signal is separated into different frequencies by the radio signal multiplexing 
device 211, and is demodulated by inputting with the reception circuit 202. At this 
time, the signal strength of the communication channel is measured by the reception 
level measuring portion 204, as a result of which the reception signal level information 
213 is relayed to the spatial transmission loss estimation function portion 205. 

On the other hand, with regard to the channel which is not being used for 
communications, the undesired signal level on this channel is measured by the 
interference signal level measuring portion 206, and the result is recorded (stored) and 
managed in the interference channel memory portion 207 as interference signal level 
information 215. Fig. 3 shows an information structure example for the interference 
channel memory portion 207. In the example of Fig. 3, the state of interference of 
signals in each unused frequency (channel) is stored for each time slot, and the storage 
of this type of information is performed for each radio base station. In the drawing, 
the O symbol represents the absence of interference, and the * symbol represents the 
presence of interference. 

When the radio base station initiates a calling procedure with respect to the radio mobile 
station, the channel allotment control portion 208 acquires the spatial transmission loss 
for a request signal or response signal from the radio mobile station as spatial 
transmission loss information 214 from the spatial transmission loss estimation function 
portion 205. Then, the channel allotment control portion 208 collects and references 
transmission power information 218 and interference channel information 216 
respectively from the transmission power memory portion 209 and the interference 
channel memory portion 207. Fig. 4 shows an example of the data structure of the 
transmission power control portion 209. The example of Fig. 4 is an example where 
the transmission power of each time slot of each channel used (communication channel) 
is stored for each radio base station, wherein the transmission power values become 
larger when the radio mobile stations which are communicating via a radio base station 
and a time slot become far away from the radio base station, and the values become 
smaller when they come nearer. 

Next, the channel allotment control portion 208 finds an open channel without 
interference from these two pieces of information. Then, the channel allotment control 
portion 208 calculates the instantaneous total power value of the time slots in the 
allotted channels with reference to the transmission power information 218. As a 
result, when the time slot can transmit at an instantaneous transmission power less than 
the capability of the common amplifying device 212, it starts communications on this 
channel, and in cases aside from the above, it searches for a channel again among 
channels other than this time slot to perform channel allotment control. 

Then, when the channel is decided, the channel allotment control portion 208 notifies 
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the transmission circuit of the channels to be used for communications by used channel 
information 219, and notifies the transmission power control portion 203 of the 
transmission power by means of transmission power control information 217. 
Additionally, at the same time, the channel allotment control portion 208 notifies the 
transmission power memory portion 209 of the information corresponding to the 
channel and transmission power with regard to the newly allotted channel, and this is 
stored in the transmission power memory portion 209. 

In the above embodiment, a call procedure is taken as an example to explain the 
assignment of new communication channels, but the same is true of reallotment of 
channels after communication has already started. That is, in this case, if each call 
request or response signal which is an object of measurement of the reception level 
measuring portion 204 is replaced with a radio signal response signal of the 
communication channel, then it is obviously possible to similarly perform a reallotment 
of the communication channels. Additionally, in the radio base station device 2, the 
positions of the radio mobile stations are always monitored from the reception signal 
levels, and when the radio mobile stations approach the radio base station device 2, the 
transmission power is reduced in response thereto, so that the channel allotment control 
portion 208 reallots the channels in the same way. While the above-described 
embodiment is for a case in which the radio base station device 2 is integrated, it is 
similarly possible to apply the present format for the case in which the parts of the radio 
base station device 2 are divided into a plurality of devices. 

Thus the radio base station device 2 is provided with a transmission power control 
portion 203, a reception level measuring portion 204, a spatial transmission loss 
estimation function portion 205, an interference signal level measuring portion 206, an 
interference channel memory portion 207, a channel allotment control portion 208 and a 
transmission power memory portion 209. The reception level measuring portion 204 
notifies the spatial transmission loss estimation function portion 205 by taking a 
detected reception power as reception signal level information 213, and in the spatial 
transmission loss estimation function portion 205, the spatial transmission loss is 
estimated, and the channel allotment control portion 208 is notified of the results, while 
on the other hand, in the interference signal level measuring portion 206, the unused 
channels in that station are inspected for the presence of interference, and the results are 
registered and held in the interference channel memory portion 207. 

Then, when there is a new call connection request or during channel reallotment, the 
channel allotment control portion 208 makes inquiries to the interference channel 
memory portion 207 and the transmission power memory portion 209, by means of 
which it obtains interference channel information 216 and transmission power 
information 218, and decides a channel on which to communicate and a transmission 
power from this information and the spatial transmission loss information 214. Then, 
it sends used channel information 219 to the transmission circuit 201 and designates a 
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communication channel, as well as sending out transmission power control information 
217 to the transmission power control portion 203 to control the transmission power. 

As a result, by applying the present format to a radio communication system wherein 
the radio mobile stations are evenly distributed in the radio zone, the transmission 
power is maximized for radio mobile stations far from the radio base station, and the 
transmission power is reduced to a necessary power with respect to radio mobile 
stations near the radio base station, so as to enable the total instantaneous transmission 
power value transmitted with respect to the plurality of radio mobile stations to be 
reduced. Therefore, since it becomes possible to use a common amplifying device 212 
(transmitter end circuit) with a low saturation power in the radio base station, it is 
possible to make the radio base station compact. Additionally, since it is possible to 
perform communications with the radio mobile stations at the lowest transmission 
power and the optimum frequency arrangement (channel arrangement), it is possible to 
make effective use of the radio channels and to reduce of avoid interference between 
radio signals. 

Effects of the Invention 

According to the present invention as described above, a radio base station is provided 
with a reception level measuring portion for measuring a reception signal level of a 
communication channel; an interference signal level measuring portion for measuring a 
level of an interference signal generated in a non-communication channel; a spatial 
transmission loss estimation function portion for estimating a spatial transmission loss 
between the radio mobile stations in accordance with the reception signal level 
information measured by said reception level measuring portion based on a standard 
conversion law; an interference channel memory portion for storing the interference 
signal level information measured by said interference signal level measuring portion in 
correspondence with channels; a transmission power memory portion for storing a 
transmission power of each channel during communication in correspondence with the 
channels; a channel allotment control portion for deciding a used channel and a 
transmission power value based on interference channel information notified from said 
spatial transmission loss estimation function portion and transmission power 
information notified from said transmission power memory portion; and a transmission 
power control portion for increasing and decreasing transmission power with respect to 
said radio mobile stations based on transmission power control information from this 
channel allotment control portion, so that in the radio base station, it is possible to 
optimize the channel arrangement and transmission power, whereby it is possible to 
make the radio base station equipment more compact and to reduce signal interference 
between radio channels, thus enabling the effective use of radio channels. Additionally, 
since the reception level measuring portion measures the radio signal strength from each 
radio mobile station and notifies the spatial transmission loss estimation function 
portion as reception signal level information; the spatial transmission loss estimation 
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function portion estimates the spatial transmission loss rate according to a standard 
conversion law and notifies the channel allotment control portion as spatial transmission 
loss information; the interference signal level measuring portion measures the non- 
communication channels of said radio base station for the presence of interference 
signals and stores in the interference channel memory portion as interference signal 
level information; the channel allotment control portion allots new communication 
channels, calculates a power transmission rate based on the spatial transmission loss 
information when there is either a communication channel transmission power 
reduction request or a channel reallotment request; makes inquiries to the interference 
channel memory portion and transmission power memory portion to collect interference 
channel information and transmission power information; optimizes channel allotments 
so that the instantaneous transmission power value for the transmission power and 
transmission channel is such as to be constant and avoid interference from adjacent 
radio zones in each time slot; notifies the transmission circuit of said radio base station 
of the result as transmission channel information; and notifies the transmission power 
control portion as transmission power control information; to optimize the channel 
allotment and transmission power, when applied to a radio communication system in 
which the radio mobile stations are evenly distributed in the radio zone, the 
transmission power is maximized with respect to radio mobile stations which are far 
from the radio base station, and the transmission power is reduced to a necessary power 
with respect to radio mobile stations near the radio base station, thereby reducing the 
total instantaneous transmission power value transmitted to the plurality of radio mobile 
stations. Thus, in the radio base station, it is possible to use a transmission end circuit 
of a low saturation power, and to perform communications with the required minimum 
of transmission power and the optimum channel arrangement for the radio mobile 
stations, thus allowing for making effective use of the radio channels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A block diagram showing an embodiment of the present invention. 

Fig. 2 A sequence diagram showing the operations of the device of the above 
embodiment. 

Fig. 3 A diagram showing an example of data storage in the interference channel 
memory portion in the device of the above embodiment. 

Fig. 4 A diagram showing an example of data memory of a transmission power 
memory portion in the device of the above embodiment. 

Fig. 5 A block diagram of a conventional device. 
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Description of the Reference Numerals 



1 


public network 


2 


radio base station device 


3 


antenna 


201 


transmission circuit 


202 


reception circuit 


203 


transmission power control portion 


204 


reception level measuring portion 


205 


spatial transmission loss estimation function portion 


206 


interference signal level measuring portion 


207 


interference channel memory portion 


208 


channel allotment control portion 


209 


transmission power memory portion 


52, 210 


time division multiplexing device 



55, 211 radio signal multiplexing device 

56, 212 common amplifying device 



